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A readout electronics has been developed for the silicon strip array detector system of HIRFL-CSR-ETF. It 
consists of 48 front end electronics (FEE) boards, 12 PXI-DAQ boards and one trigger board. It can implement 
energy and time measurements of 4608 channels. Each FEE board is based on 6 ASICs (ATHED), which imple- 
ments energy and time measurements of 96 channels. The PXI-DAQ board meets requirements of high-speed 
counting and amount of readout channels and can process signals of 4 FEEs. The trigger board is developed to 
select the valid events. The energy linearity of the readout electronics is better than 0.3% in the dynamic range 
of 0.1-0.7 V. In the test with a standard triple alpha source, the energy resolution was 1.8% at 5.48 MeV. This 
readout electronics enables the silicon strip array system to identify particles of A < 14. 
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I. INTRODUCTION 


Silicon strip detectors are widely used in nuclear physics, 
high energy physics, and astrophysics [1]. Over the last 30 
years, impressive developments were seen in silicon strip sen- 
sors and their readout electronics in high energy physics [2], 
due to parallel developments in electronics of low noise and 
very large system integration [3]. Many special chips were 
developed for silicon strip detectors in different experiments, 
such as the ABCD3TA chip for the ATLAS tracker [4], the 
APV25 chip for the CMS tracker [5] and the A128C chip for 
the ALICE tracker [6]. 

A silicon strip array detector system will be equipped for 
the external target facility (ETF) of the Cooling Storage Ring 
on the Heavy Ion Research Facility in Lanzhou (HIRFL- 
CSR-ETF) [1]. It consists of twelve telescopes, each has two 
double-sided silicon strip detectors, and each detector is of 
49.8mm x 49.8mm, with 96 strips on each side. 

According to the ETF experiment requirements, a readout 
electronics has been developed by the group of nuclear elec- 
tronics for the silicon strip array detector system. In this pa- 
per, the readout electronics is described in detail. An appli- 
cation of specific integrated circuit (ASIC) chip developed at 
CEA Saclay, France for silicon strip detectors is used to solve 
the problem of large number of channels. The readout elec- 
tronics consists of FEE (front end electronics) boards, PXI- 
DAQ boards (PXI, PCI extensions for instrumentation; DAQ, 
data acquisition) and the trigger board. Each FEE board can 
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implement energy and time (E and T) measurements of 96 
channels. The PXI-DAQ meets the requirements on high- 
speed counting and amount of readout channels [7] and pro- 
cesses signals of 4 FEEs. The trigger board is developed to 
select the valid events. The readout electronics can implement 
energy and time measurements of 4608 channels. 


PXI trigger bus 
(tregger/reset) 


Fig. 1. Block diagram of the readout electronics. 


I. READOUT ELECTRONICS 


The readout electronics for the silicon strip array detector 
system has 12 units. As shown in Fig. 1, each unit consists of 
four identical FEE boards and a PXI-DAQ board. The trigger 
board is shared by 12 units. Each unit can implement en- 
ergy and time measurements of 384 channels. So the readout 
electronics has energy and time measurements of 4608 chan- 
nels. Each FEE board has six ASIC chips (ATHED), which 
are connected in daisy chain, and processes 96 channels of 
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Slow control 


Fig. 2. (Color online) Schematics of the ASIC. 


energy signals and 96 channels of time signals. This type 
of ASIC chip measures energy and arrival time of particles, 
and gives a trigger when the energy exceeds a minimum ad- 
justable value [8]. 

The block diagram of ATHED is shown in Fig. 2 [8]. 
Briefly, ATHED is a 16-channel ASIC chip. Each ATHED 
channel includes a charge sensitive amplifier (CSA, 11 MeV, 
22MeV, 50MeV, 100MeV and 200MeV), the energy 
branch (shaping at 1 and 3us and track-and-hold), and the 
timing branch that consists of the fast shaping, discrimina- 
tor with slow control, thresholds and time-to-amplitude con- 
verter (TAC, at 300 and 600 ns) [8, 9]. The analogue energy 
and time information of 16 channels is transmitted through 
voltage-to-current converter (VIC) (+ 2mA/V) to the PXI- 
DAQ board. ATHED improves the integration level of FEEs 
and enables multichannel data processing. ATHED is of good 
performances, and power dissipation of an ATHED channel is 
just 28 mW, hence the reduced power dissipation of FEEs. 

The PXI-DAQ board implements the slow control, ana- 
log output signal adapting, fast timing pulse generation, PXI 
interface communication and data acquisition. Each PXI- 
DAQ board can process signals of 4 FEEs. To effectively 
reduce crosstalks between the FEE and PXI-DAQ boards, 
flat twisted-pair cables are used to transmit the low voltage 
differential signals (LVDS) [1]. The trigger board makes a 
fast L1 trigger decisions. Also it generates trigger data that 
are packed and transmitted to PC via PXI bus for off-line 
analysis [10]. The PXI platform-based readout system can 
satisfy requirements of high-speed counting and amount of 
readout channels [7]. The software has a user-friendly GUI 
(Graphical User Interface) written in C language using Lab- 
Windows/CVI under Windows XP operating system [7]. 


A. Front end electronics board 


As shown in Fig. 3, the FEE board consists of six ASIC 
chips, an inner test pulse generator, a LVDS receiver & 
driver, and an inspection circuit. Each analog unit is com- 
posed of four FEE boards, which processes energy and time 
signals of 384 channels. The outputs of each board can 
be carried on one analogue differential-pair or on two ana- 
logue differential-pairs and the signals are sent in current- 
differential mode through twisted pair to the PXI-DAQ board. 


Inner test 
pulse 
generator 


I2C bus 


Fig. 3. Block diagram of the analog unit. 


On each FEE, the programmable inner test pulse generator, 
which drives each analogue test input of each ATHED, checks 
the functionality of all the ASIC chips and implements phys- 
ical calibration of each channel. 

The inner test pulse generator is based on PCA9555 (16 
bits I2C bus I/O port) and digital-to-analog converter (DAC). 
The output of the inner test pulse generator is used to inject 
a current signal to the input of a selected channel. With ap- 
propriate test signals, functionality of the ASICs can be tested 
by analyzing the data acquired by the PXI-DAQ. The debug 
signal generated by the ASIC is to check whether the ASIC 
chip works normally. 

Against the electromagnetic interference (EMI), all the fast 
control signals (stop, hold, start, request, reset, CLK) are 
transmitted in LVDS standard. The request signals generated 
by the ASIC chips are transmitted to the trigger board for 
trigger signals pretreatment. The readout time of analog unit 
is less than 32 us when data are transmitted on two analogue 
differential-pairs and less than 61 us when data are transmit- 
ted on an analogue differential-pair. The transfer function for 
the silicon detector system is 34.22 uA/MeV for each channel 
on the FEE board. 
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Fig. 4. The timing diagram as data transmitted on an analogue 
differential-pair. 


Figure 4 shows the timing diagram for data transmission 
on an analogue differential-pair. The energy information of a 
channel is transmitted to VIC at the rising edge of the CLK 
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signal and the time information of a channel is transmitted to 
VIC at the falling edge of the CLK signal. The energy and 
time information of 96 channels, transmitted on an analogue 
differential-pair, is transmitted through VIC to the PXI-DAQ 
board channel by channel using 96 CLKs in total. Because 
data are transmitted at the rising and falling edge of the signal 
CLK, the signal Sclk is double frequency of the signal CLK. 
The signal Stop is transmitted to TAC and the signal Hold is 
transmitted to hold energy signals. 


Opto-isolater 
and signal 
receiver/driver 


Control signal 


AD9248 
14 bit) a 
20 MHz 


Data [13..0 


Analog output 
adapting unit 
(I/V, filter, amplify) 


K PXI interface 


Fig. 5. Block diagram of the PXI-DAQ unit. 


B. PXI-DAQ board 


The PXI plug-in DAQ board (Fig. 5) consists of opto- 
isolators, signal receiver & driver, analog output adapting 
unit, ADC, FPGA and PXI interface. Using four high-speed 
ADCs (20 MHz), the PXI-DAQ can meet requirements of 
high-speed counting and amount of readout channels. A PXI- 
DAQ board processes signals of 4 FEEs. In order to imple- 
ment remote control, flat twisted-pair cables are used to trans- 
mit LVDS signals to effectively reduce crosstalks between the 
FEE and PXI-DAQ boards. To further reduce the crosstalks, 
the high-speed opto-isolators are used to block high voltages 
and voltage transients. After the J-V converter, low pass 
filtering and amplify circuit, the analog signals acquired from 
the FEE boards are fed into the high-speed ADCs (AD9248). 
Under control of the ADC converting sequence, digital sig- 
nals are obtained, expressed with 14 bits binary number. If 
they are judged valid by FPGA, the digital signals will be 
packed with the event identification bits into a 32 bits frame, 
and stored into the FIFO, otherwise the signals are ignored. 
When the number of data stored in the FIFO exceeds the 
threshold set, an interrupt request signal is sent to the PXI 
bus for Master control. After that, the data in the FIFO are 
transferred to PC in DMA. Through the I2C bus interface, 
the PXI-DAQ board implements the parameter setting of the 
front-end ASICs, the test signal generator and other I2C com- 
ponents on the FEE boards. 


C. Trigger board 


The trigger board receives request signals generated by the 
ASIC chips of FEE boards and makes fast L1 trigger deci- 
sions to select valid events. It generates the hold and reset 
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Fig. 6. (Color online) The energy linearity of readout electronics 
over 0.6 V range. 


signals and sends them via the trigger bus to the PXI-DAQ 
boards, which send the hold signals to the FEE boards to read 
data. The trigger board generates trigger data that are packed 
and transmitted to PC via PXI bus for off-line analysis [10]. 


II. PERFORMANCE OF THE READOUT ELECTRONICS 


The readout electronics has been measured in the lab. The 
pulses generated by an ORTEC 448 pulser are transmitted to 
the test input of FEE board. The PXI-DAQ board sends the 
fast control signals to the FEE board after the trigger board 
gets the request signals generated by the FEE board. And 
meantime the PXI-DAQ board implements the data acqui- 
sition. As shown in Fig. 6, energy linearity of the readout 
electronics is better than 0.3% in the dynamic range of 0.1- 
0.7V. Fig. 7(a) shows the energy spectrum measured with 
the ORTEC 448 under laboratory conditions. The energy res- 
olution is better than 0.5% (19 MeV). Tested with a precision 
charge/time generator from Phillips Scientific (Model 7120), 
the time linearity is better than 0.2% in the dynamic range of 
116-536 ns. The time resolution is better than 0.24% in the 
range of 0-600 ns. Fig. 7(b) shows alpha spectrum of a stan- 
dard triple alpha source (7*°Pu, *4!Am and 7*Cm) measured 
with a 49.8mm x 49.8mm double-sided silicon strip detec- 
tor system, for testing the readout electronics. 

The energy resolution can be obtained through the Gaus- 
sian Fitting. As shown in Fig. 7(b), the energy resolution is 
about 1.8% at 5.48 MeV. The particle identification ability of 
the silicon strip detector can be estimated by Eq. (1). 


AJA = {[5(AE)/AE}? + (6E/E)?}*/2, (1) 


where, 6(AE)/AE is energy resolution of the silicon strip 
detector, and the 6E'/E is energy resolution of a CsI detector, 
which is better than 3% generally [11]. For a maximum value 
of 6A = 0.5, particles of A < 14 can be identified. As the 
silicon strip array detector is designed to identify the particles 
of A < 10, the readout electronics attains the goal of design. 


040402-3 


ZHAO Xing-Wen et al. 


100 


(a) 2/ndf = 111.3/82 
Constant 36.77+1.94 
80 Mean  4476+0.3 
Sigma  8.091+0.308 
60 
2 
c 
= 
ô 
40 
20 
0 
0 4000 8000 12000 16000 


Voltage (channel) 


Counts 


Nucl. Sci. Tech. 25, 040402 (2014) 


120 Energy Cal. 


Entries 1773 

Mean 5258 

RMS 242.8 
78.11+4.15 
5158+2.0 
47.6+2.0 
48.19+4.19 
5477+2.7 
42.46+3.19 
12.5+1.7 
5778+5.0 
42.91+5.02 


100 


80 


60 


40 


20 


A 


5800 


Ob 
4600 5000 5400 


Energy (keV) 


6200 


Fig. 7. (Color online) Energy spectrum measured with ORTEC 448 (a) and the silicon strip detector system (b). 


IV. SUMMARY 


A readout electronics system has been developed for CSR- 
ETF silicon strip array detector. It consists of 48 FEE boards, 
12 PXI-DAQ boards and one trigger board. Using ASICs, 
the FEE implements the designs of high density, amount of 
readout channels and low power consumption. Using high- 
speed ADCs (20 MHz), the PXI-DAQ board can implement 
quick acquisition of multichannel data. The readout electron- 
ics system can implement energy and time measurements of 
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4608 channels. And the system attains the desired purpose 
and is reliable for the nuclear physics experiments on ETF of 
HIRFL-CSR. 
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